Introduction {#sec1-1}
============

Human identification is one of the most challenging tasks one has been confronted with whenever a catastrophe strikes. Forensic identification in such cases involves comparative identification and establishment of biologic profile. Biologic profile includes sex, ancestry, skeletal and dental age, stature, and physique.\[[@ref1]\] Determination of sex is of immense importance in person identification. One of the older and widely used methods of gender identification is the morphological analysis of skeletal and dental remains.\[[@ref1]\] Bone and dental structures of the palate are often preserved even in the face of serious bad damage at or following death. The sexual dimorphism of the palate has been affirmed by Krogman and Iscan, Woo and Larnach and Macintosh.\[[@ref2][@ref3][@ref4]\] Johnson *et al*. selected palatal length as one of the best variables for sex determination of caucasoid skulls.\[[@ref5]\] Sex determination using metric observation of the palate has been affirmed by Burris and Harris (1998).\[[@ref6]\] Rogers (2005) has ranked palate size/shape as sixth among the 17 morphological features of the skulls used for sexing unknown skeletal remains.\[[@ref7]\] Bigoni *et al*. noted significant sex differences in the region of the palate.\[[@ref8]\] Significantly, higher arch depth values and palatal depth values were reported in males.\[[@ref9][@ref10][@ref11][@ref12]\] In the Indian context, very few studies focused on palatal dimensions such as arch depth and palatal depth which were reported to exhibit racial difference and sexual dimorphism.\[[@ref2][@ref6][@ref13][@ref14][@ref15]\] Hence, the present study was undertaken to measure maxillary arch depth and palatal depth values in young adults of Marathwada region, India, and to evaluate its potential as sex determination tool.

Materials and Methods {#sec1-2}
=====================

This study was approved by the Institutional Ethical Committee. Sample size was calculated using standard deviation from previous studies, with 95% confidence level and 5% margin of error. It comprised 500 dentulous individuals with 250 males and 250 females in the age group of 17--25 years having class I normal occlusion and healthy state of the periodontium. Exclusion criteria included participants with carious maxillary incisors, canine, first premolar or first molar, or crowding, spacing, missing teeth; participants with habits such as thumb sucking and mouth breathing; participants with previous orthodontic treatment; or participants with any localized or systemic hard or soft tissue pathology related to teeth or jaws. Informed consent was sought from the patients after a complete explanation of the purpose of the study. Impressions of maxillary arch were made in irreversible hydrocolloid material. Maxillary arch depth was measured from most labial midpoint between central incisors to a line connecting the mesial surfaces of two posterior corresponding teeth usually first permanent molars, along with a midsagittal plane \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref16][@ref17]\] Palatal depth was measured from a level coinciding with central fossa of first permanent molar to the deepest point of palate in the midline \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref18]\] These measurements were carried out using Korkhaus compass and digital caliper. All values were taken in millimeters. Comparison of maxillary arch depth and palatal depth values were done using independent *t*-test. Difference was considered statistically significant when *P* \< 0.05. Diagnostic performance of significantly different variable was quantified by plotting "receiver operating characteristic" (ROC) curve. All statistical analyses were performed using GraphPad Prism v. 5.0 software (GraphPad Software, Inc. CA, USA.).

![Maxillary arch depth measurement using digital caliper](JFDS-9-153-g001){#F1}
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Results {#sec1-3}
=======

Mean maxillary arch depth and palatal depth values in male participants were 27.19 ± 1.79 mm (range 23.85--32.43 mm) and 18.17 ± 1.85 mm (range 13.2--22.0 mm), respectively. Mean maxillary arch depth and palatal depth values in female participants were 25.57 ± 1.42 mm (range 21.5--28.5 mm) and 17.99 ± 1.58 mm (range 14.0--22.5 mm), respectively. On comparison of these mean values among males and females by independent *t*-test, only mean maxillary arch depth values were found to be statistically significantly different (*P* \< 0.0001, *t* = 11.99, df = 498, 95% confidence interval \[CI\]: −2.240 to − 1.609) \[[Figure 3](#F3){ref-type="fig"}\]. Mean palatal depth values failed to show any statistically significant difference among males and females (*P* = 0.2525, *t* = 1.146, df = 498, 95% CI: −0.1253--0.4757) although males had slightly higher palatal depth values than females \[[Figure 4](#F4){ref-type="fig"}\]. Area under the curve (AUC) for maxillary arch depth was found to be 0.7621 (SE 0.02069, 95% CI: 0.7215--0.8026) \[[Figure 5](#F5){ref-type="fig"}\]. Optimal cutoff point was decided for maxillary arch depth as 26.05 mm (sensitivity - 72% and specificity - 65.2%) to use it as a probable reference for Indian population to differentiate between males and females.

![Comparison of mean values of maxillary arch depth in males and females](JFDS-9-153-g003){#F3}

![Comparison of mean values of palatal depth in males and females](JFDS-9-153-g004){#F4}

![Area under the curve for arch depth values in study population](JFDS-9-153-g005){#F5}

Discussion {#sec1-4}
==========

In forensic human identification, sex determination is an important step because not only it does effectively cut the number of possible matches to half but also subsequent methods for age and stature estimation are often gender dependent.\[[@ref19][@ref20]\] The hormonal and visual differences that make living males and females distinct also create physiological differences between their skeletons. This "sexual dimorphism" is most obvious in the pelvic bones and the skull.\[[@ref7][@ref19]\] In general, males have more robust characters or larger dimensions.\[[@ref21]\] Several sites on crania are reported to be suitable for sex determination.\[[@ref22][@ref23]\] Linear skeletal dimensions were found to be significantly greater in males than females.\[[@ref24]\] Palatal dimensions were reported to exhibit racial difference and sexual dimorphism.\[[@ref2][@ref6][@ref13][@ref14][@ref15]\] In general, in males, the palate is usually more in length and breadth with a closed U-shape compared to narrow and short palate with a parabolic shape in females.\[[@ref21]\]

In the present study, mean values of arch depth were significantly higher in males than females, a finding in accord with previous studies.\[[@ref9][@ref10][@ref11]\] Few of the studies found higher but insignificant mean values of arch depth.\[[@ref6][@ref25][@ref26]\] Significant sex difference in palatal depth values demonstrated in some studies.\[[@ref10][@ref12]\] However, mean values of palatal depth, though higher in males, were not significant in the present study. The AUC is most commonly used method to summarize the discriminatory capacity of the ROC curve. The area measures discrimination, that is, the ability of the classifier (arch depth in the present case) to correctly differentiate study population into alternate states (male and female sex). In general, discrimination is deemed accurate where AUC exceeds 0.7--0.8.\[[@ref27]\] AUC for maxillary arch depth was found to be 0.7621, indicating sufficiency of discriminatory power of this variable.

Often the corroboration of identification by utilization of data gained from several of the less specific methods may elevate the probability of correct identification beyond that which could be obtained by either of the methods alone. Thus, maxillary arch depth may be used as a supplementary method along with the other methods to increase the accuracy of sex identification in unknown body remains. Resilience of palatal structures to traumatic and natural forces makes this method practical in several forensic situations. However, while extrapolating results of such studies in field, it is important to note that a significant number, approximately 5% of individuals in most populations, will be androgynous, i.e., will possess an equal number of male and female skeletal traits and also the fact that palatal dimensions will be affected by the dental and skeletal malocclusion.\[[@ref1]\] Most of the morphometric studies face a problem during measurement of metric traits, or observation of nonmetric traits is that these traits are affected by age, trauma or any discrepancy during growth (malocclusion, retention of deciduous tooth, clefting, and habits), etc., Hence, participants procured during the study would be based on criteria that will prevent sampling bias and are not affected by these factors. However, in the forensic examination, such ideal participants are rare to find. This preliminary study was carried out keeping in mind these limitations. It has provided baseline data for the determination of sex of young adults from Marathwada region of Maharashtra (Western India) from a fragment of the skull, that is, hard palate. Further research is necessary to standardize the procedure for measurement of these morphologic characters to increase their reproducibility, comparability, and credibility.
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